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D is Tyr , and 
E is Thr , Ser , Arg , Gly . 
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lated , or amidated at E to enhance tissue distribution by 
promoting egress from the circulation and penetration into 
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ANTI - INFLAMMATORY PEPTIDES FOR related deaths . Cirrhosis is a serious condition which 
TREATING NON - ALCOHOLIC increases the risk of subsequent progression to hepatocellu 
STEATOHEPATITIS ( NASH ) lar carcinoma ( HCC ) , the fifth most common tumor world 

wide , and the third leading cause of cancer - related death . 
This application claims the benefit of U.S. Provisional 5 There are numerous risk factors and predictors of NASH 

Application Ser . No. 62 / 521,935 , filed Jun . 19 , 2017 . including age , obesity and Body Mass Index ( BMI ) , insulin 
sensitivity , dyslipidemia , hypertension and increase of liver 

FIELD OF THE INVENTION enzymes . Patients with NASH have increased risk for myo 
cardial infarction , stroke and peripheral vascular disease . The present invention relates broadly to excess fat depos- 10 Reducing the fat in the liver that drives inflammation and its resulting from diet , obesity , metabolic syndrome , insulin fibrosis is of paramount importance , but the inability to lose resistance or gut microbiota and therapeutic small peptides weight is a hallmark of metabolic syndrome and insulin to treat the serious and potentially life - threatening condi resistance and is not in itself typically successful and there tions of type 2 diabetes , chronic kidney disease , heart failure and particularly the liver inflammation caused by non- 15 fore not sufficient to overcome the risk of NASH . There are 

alcoholic steatohepatitis ( NASH ) . no medicines that have been approved to treat NAFLD and 
NASH and the compounds of this invention can provide for 

BRIEF DESCRIPTION OF THE DRAWINGS an unmet medical need . 

DETAILED DESCRIPTION FIGS . 1A - D illustrate that all - D - TTNYT ( SEQ ID NO : 1 ) 20 
blocks TLR4 - mediated maturation of antigen presenting 
dendritic cells . The present invention relates to compositions and a 

FIG . 2 Illustrates all - D - TTNYT ( SEQ ID NO : 1 ) potently method for modulating , in particular reducing , an excessive 
blocking both MCP - 1 ( CCL2 ) and MIP - 1B ( CCL4 ) -elicited immune response in an animal , such as a human or another 
chemotaxis of human monocytes at CCR2 and CCR5 recep- 25 mammal , specifically in the liver due to excess fat accumu 
tors , respectively . lation which may lead to fibrosis , hepatitis , loss of liver 

FIG . 3 Illustrates the effects of three additional all - D function , and death . 
amino acid peptides in blocking CCL2 ( MCP - 1 ) chemotaxis In one embodiment , the invention relates to compositions 
at low concentration . and a method for modulating , and in particular reducing , the 
FIGS . 4A - F illustrate all - D - pentapeptide TTNYT ( SEQ 30 inflammatory reaction in the liver of individuals who expe 

ID NO : 1 ) lowering expression of chemokines CCL2 and rience NAFLD , NASH . 
CCL3 , chemokine receptors CCR2 and CCR5 , and cytok NASH may reflect a disease where inflammation is fol 
ines IL - 1 and TNFa in rats . lowed by steatosis . Therefore , in order reduce the delete 

rious effects of steatosis and halt the development of fibrosis 
INTRODUCTION 35 and hepatitis , as well as the cardiovascular and hepatocel 

lular carcinoma risks associated with NAFLD and its more 
Non - alcoholic fatty liver disease ( NAFLD ) is the most severe form NASH , a drug candidate should confer anti 

common liver disease in developed countries , and is inflammatory properties . These properties would also be 
strongly associated with obesity , Type II diabetes or insulin beneficial in viral infections of the liver , an example being 
resistance , hypertension , and dyslipidemia and has been 40 hepatitis B , or alcoholic liver disease , a manifestation of 
regarded as the liver manifestation of the metabolic syn alcohol overconsumption , which also includes fatty liver 
drome ( MS ) . The composition of the gut microbiota has ( steatosis ) with inflammation causing chronic hepatitis with 
been shown to differ in lean and obese humans and animals liver fibrosis or cirrhosis . 
and to change rapidly in response to dietary factors . The gut Obesity is associated with chronic low - grade inflamma 
microbiota may also influence the development of condi- 45 tion perpetuated by visceral adipose with overproduction of 
tions characterized by low - level inflammation , such as MS , proinflammatory molecules . Morbidly obese patients with 
obesity and type 2 diabetes , through systemic exposure to NAFLD were studied for 84 genes encoding inflammatory 
bacterial lipopolysaccharide derived from the intestinal cytokines , chemokines , their receptors , and other compo 
microbiota . Such systemic inflammation promotes steato nents of an inflammatory response . The mRNA levels of 
hepatitis . 50 interleukin 8 ( ILS ) , chemokine CCL4 ( MIP - 1B ) , and its 
NAFLD is characterized by an accumulation of fat ( lipid receptor chemokine receptor type 5 ( CCR5 ) showed a 

droplets ) , and is present in up to one - third of the general significant increase in patients with advanced hepatic 
population while 75 % of obese individuals have hepatic inflammation and were correlated with the severity of the 
steatosis . NAFLD is associated with the development of hepatic inflammation ( 1 ) . 
cardiovascular disease ( CVD ) since the severity of liver 55 NAFLD has further been considered to be under the 
histology in NAFLD patients is closely associated with influence of the gut microbiota , which might exert inflam 
markers of early atherosclerosis and independently predicts matory effects on the human host after intestinal absorption 
the risk of future CVD events . NAFLD therefore seems to and delivery to the liver via the portal vein . TNFa , IL - 6 and 
be an early mediator of atherosclerosis and treatments for IFNy were detected in an NAFLD group compared to 
hepatic steatosis may reduce CVD events . 60 healthy controls ( 2 ) . Gut microbiota - mediated inflammation 
Non - alcoholic steatohepatitis ( NASH ) is a more severe of the intestinal mucosa therefore seems to play an important 

form of NAFLD with inflammation and degeneration of role in the pathogenesis of NAFLD which the subject 
hepatocytes as a result of excessive fat in the liver . The inventive peptides can treat . Benefits of the subject peptides 
prevalence of NASH is 2-6 % in the general population , with in suppressing intestinal production of inflammatory cytok 
some estimates as high as 12 % . For the diabetic population , 65 ines and chemokines resulting from gut microbial dysbiosis 
the number rises to 22 % . Up to 20 % of adults with NASH or metabolic syndrome would extend to other conditions 
develop cirrhosis and up to 11 % may experience liver with an inflammatory pathogenesis , including diabetic neu 
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ropathy , cardiovascular diseases and neurodegenerative con chemokine receptors and cytokines implicated in the dis 
ditions like Alzheimer's Disease and traumatic brain injury . cussed steatohepatitis syndromes ( NAFLD / NASH ) . 
Gut - derived bacterial endotoxins , such as lipopolysaccha The lead compound DAPTA was derived from the HIV 

ride ( LPS ) , contribute to the pathogenesis of steatosis and gp120 octapeptide Ala - Ser - Thr - Thr - Thr - Asn - Tyr - Tyr ( SEQ 
steatohepatitis by activating Kupffer cells , the resident liver 5 ID NO : 14 ) . This all - L amino acid octapeptide was called 
macrophages . LPS stimulated production of IL - 6 , via acti Peptide T because 50 % of the amino acid residues are 
vation of its downstream effector signal transducer and threonines ( Thr ) . This peptide has been identified from the 
activator of transcription ( STAT ) is reported to drive human immune deficiency virus ( HIV ) external glycopro 
hepatic lipid storage . Thus TLR4 / MyD88 activation by LPS , tein molecule gp120 , specifically near the bridging sheet of 
as well as IL - 6 are therapeutic targets in endotoxemia and the V2 loop , a region which is responsible for virus binding 
NASH which the subject inventive peptides block . via the CCR5 and related chemokine receptors , such as 

Further support for chemokine receptor targets in NAFLD CCR2 , CCR8 , CX3CR1 . All these chemokine receptors 
comes from studies that show CCR2 and CCR5 and their function as HIV entry receptors and are targets of the subject 
ligands , including CCL2 ( MCP - 1 ) and CCL5 ( RANTES ) , 15 inventive peptides . The peptides of the invention we here 
are reported to mediate liver fibrogenesis by promoting describe are antagonists of multiple HIV entry chemokine 
monocyte / macrophage recruitment and tissue infiltration , as receptors which have been shown to mediate NASH 
well as hepatic stellate cell activation . A dual CCR2 / CCR5 pathologies , such as CCR2 and CCR5 . Further modifica 
antagonist significantly reduced the non - alcoholic fatty liver tions of Peptide T and DAPTA have been created in the 
disease activity score in an animal model of NASH as a 20 example ( SEQ ID NO : 1 ) all - D - TTNYT ( SEQ ID NO : 1 ) 
result of its anti - inflammatory activities ( 3 ) . ( generic name RAP103 ) that confers the improvements of 

A role for CCR5 in development of hepatic steatosis in a oral bioavailability and enhanced tissue distribution . 
high fat diet mouse model of NAFLD has been shown for Peptides of the present invention represent a pentapeptide 
the CCR5 antagonist “ Maraviroc ” , first developed as an minimal bioactive sequence of the octapeptide Peptide T 
inhibitor of CCR5 - tropic HIV viruses . Maraviroc amelio- 25 ( ASTTTNYT , ( SEQ ID NO : 14 ) , and its human use analog 
rated hepatic steatosis while CCL5 / RANTES expression “ DAPTA ” , Dalal - peptide T - amide , first described as an 
was also significantly lower with maraviroc treatment ( 4 ) . antiviral agent by Pert , et al . ( U.S. Pat . No. 5,276,016 ) . The More specifically , an embodiment of the invention relates modified peptides of the invention have multiple desired to compositions and a method for modulating , and in par features that yield in vivo efficacy including potency and ticular reducing , the secretion of the inflammatory cytokines 30 receptor - selectivity , delivery to target tissue , and stability to IL - 1 , IL - 6 , IL - 8 , IL - 12 , IL - 23 and TNFa , chemokine ligands 
including CCL2 , CCL3 , and CCL5 , and their receptors multiple degradative proteases , all of which provide a ben 
CCR2 and CCR5 , or by blocking chemokine induced migra eficial therapeutic preparation for the subject use in liver 
tion of monocytes or T cells into fatty liver , their adherence inflammation , steatohepatitis , NAFLD and NASH . 
and localization in liver to ICAM - 1 receptors and therefore 35 Method to Create Oral Bioavailibility 
broadly blocking degeneration of hepatocytes as a result of Practitioners skilled in the art of peptide design under 
excessive fat and inflammation in the liver . stand that it is overwhelmingly the case that modifications of 

Dalal - peptide T - amide ( DAPTA ) is derived from the HIV the peptide backbone , including substitution of D - amino 
envelope protein ( 5 ) and is an antagonist of CCR5 ( 6 ) and acids , particularly at receptor - active sites in the peptide , 
CCR2 ( 7 ) which blocks monocyte infiltration into injured 40 cause loss of activity , and in some modifications complete 
brain or spinal cord and lowers expression of inflammatory inactivity . In fact , the use of D - amino acid substitutions is 
cytokines such as TNFa , Il - 1 , IL - 6 , and IL - 8 in animals and commonly used to identify , by loss of function , critical 
people ( 7-9 ) as well as IL - 12p40 a component of the pharmacophore residues in a peptide . 
heterodimeric cytokine IL - 23 , which has been implicated as Thus , an unexpected and non - obvious aspect of the pres 
key target in immune - mediated inflammatory diseases like 45 ent invention is the use of all - D amino - acids in the creation 
psoriasis , which DAPTA improves , and Crohn's Disease . of the orally bioactive peptides that target chiral molecules , 
DAPTA , and improved analogs that share the same biologi such as cell surface GPCR receptors . A recent review ( 10 ) of 
cal effects will be useful in treating NAFLD , NASH and oral delivery of therapeutic proteins and peptides indicates 
these other conditions . that “ Despite extensive research efforts , oral delivery of a 

The anti - inflammatory effects of DAPTA are retained in 50 therapeutic peptide or protein is still a challenge for phar 
the C - terminal five amino peptide TTNYT ( SEQ ID NO : 1 ) , maceutical industries and researchers . Therefore , because of 
and analogs can be created which can be made orally active the short circulatory half - life exhibited by peptides in vivo , 
when the amino acids are in the all - D form ( 7 ) . Other they need to be administered frequently resulting in 
modifications such as charge “ cationization ” provide further increased cost of treatment and low patient compliance ” and 
improvements in tissue delivery and distribution . 55 in many cases oral delivery is not even possible . Generally , 
Because DAPTA and all - D - TTNYT ( SEQ ID NO : 1 ) protein and peptide drugs are rapidly denatured or degraded 

( generic name RAP103 ) block the actions of several inflam by the low pH environment of the gastric media or the 
matory receptors and are multi ( CCR2 / CCR5 ) chemokine hydrolytic enzymes in the gastrointestinal tract . 
receptor antagonists , they provide broader receptor antago Chiral selectivity of ligand action is not surprising and is 
nism to inhibit multiple innate immune pathways . These 60 well understood as a principal of enzymology . For example , 
distinguishing features may afford more effective “ cover a chiral specificity is noted in majority of the NSAIDs 
age ” of the pharmacological receptor cluster that mediates ( non - steroidal anti - inflammatory drugs ) . For NSAIDs the 
liver inflammation and causes NASH and so deliver a enantiomer with S configuration almost exclusively pos 
beneficial therapeutic outcome to block development of the the ability to inhibit prostaglandin activity . 
NAFLD / NASH inflammatory cascade . 65 R - enantiomers of NSAIDs have poor COX inhibitory activ 

All compounds disclosed in these specifications are useful ity ( 11 ) . The opiate receptor is an example of a G - protein 
for the present invention . The compounds block multiple coupled receptor showing ligand stereoselectivity , in which 

sesses 
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levorphanol is the active analgesic component of the race The authors then concluded : “ Amounts of all - D - bradyki 
mic mixture racemorphan , while its stereoisomer dextror nin up to 50,000 times the 
phan , is inactive . the standard challenge of bradykinin showed neither any 
Some examples of all - D - peptide activity exist , such as the inhibition of the response to bradykinin , or any bradykinin 

anti - microbial human O - defensins , which are cationic pep- 5 like effect . It would thus seem that inversion of all the 
tides which disrupt bacterial , but not mammalian , cell mem amino - acid residues may not be a generally applicable 
branes . There is no stereo - selective biological interaction of method for formation of antimetabolites of biologically 
a cationic peptide to a membrane . Defensin activity is active peptides ” . 
derived from a charge disruption of a membrane . This is Michaelis and Trigg ( U.S. Pat . No. 5,798,335 ) have 
different from the action of the present inventive peptides 10 claimed modified analogs of DAPTA that incorporated 
which target stereo - specific cell surface receptors and are D - amino acids . Andersen et al ( U.S. Pat . Nos . 6,011,014 and 
highly sensitive to ligand conformation and shape . 6,265,374 ) also claim a treatment of inflammation and 

The bioactivity of a receptor active all - D peptide is an multiple sclerosis using DAPTA and modified analogs of 
unexpected and non - obvious aspect of the present invention DAPTA that incorporated D - amino acids . No reduction to 
in view of an earlier study , Pert ( 5 ) , FIGS . 3 and 4 , and the 15 practice for any all - D - amino acid modified peptide was 
related U.S. Pat . No.5,276,016 which showed that that D for provided , and no example of claimed benefit or treatment 
L substitutions in linear peptide ASTTTNYT ( SEQ ID use with an all - D - amino acid pentapeptide was provided . No 
NO : 14 ) can cause great loss of potency . all - D - peptide of SEQ ID NO : 1-13 of the present invention 
Having one D substitution in DAPTA , in the specific was claimed in these prior applications . 

position Nol , ( the D - ala ) retains receptor potency , primarily 20 The ability to make D for L amino acid substitutions in all 
as this residue of the peptide is not needed for bioactivity , positions however creates the possibility to make orally 
indeed may be completely removed . The terminal pentapep stable peptide compounds . Stability of peptides in target 
tide however is responsible for the biopotency , and D amino tissues due to digestive enzymes has limited their broad 
acid modifications of these residues are not well tolerated . utility . The ability to create all - D peptides that retain potency 

Thus , making an additional D substitution in DAPTA , in 25 is an unexpected general method of creating peptides SEQ 
the terminal pentapeptide required for activity , at position ID NO : 1-13 , and possibly others , which may be stabilized 
No 8 ( the D - Thr ) , results in loss of 99 to 99.9 % of the to proteolysis , while retaining biopotency , so these peptides 
activity . It is therefore shown that introduction of L to D benefit from enhanced stability . 
substitutions cannot be made in a general fashion , and that Oral delivery solves another problem that is common with 
these modifications can , and typically do , destroy biopo- 30 peptides , their propensity to aggregate in liquid solutions 
tency by disrupting the peptide structure required for recep and lose biopotency , as the peptides may be compounded in 
tor potency . solid forms , such as oral pills , with long shelf lives . 

This point is further made in Brenneman , 1988 ( 12 ) , with Thus , neither Pert et al . ( U.S. Pat . No. 5,276,016 ) , who 
specific reference to the peptide TTNYT ( SEQ ID NO : 1 ) . first used D - amino acids in the octapeptide Peptide T 
See FIG . 2 and Table 1. Upon making the L to D substitution 35 ( ASTTTNYT ( SEQ ID NO : 14 ) ) to create the analog 
in position 4 ( Tyr ) , the peptide completely loses activity . DAPTA ( Dala -- peptide T - amide ) , or Michaelis and Trigg 

A detailed study of the peptide TTNYT ( SEQ ID NO : 1 ) ( U.S. Pat . No. 5,798,335 ) , or Andersen et al ( U.S. Pat . Nos . 
and L to D substitutions was published in 6,011,014 and 6,265,374 ) teach substitution of all the natu 
Smith , 1988 ( 13 ) , Refer to FIG . 3. Introduction of single L rally occurring L - amino acids by D - amino acids in Peptide 
to D substitutions in each position 1 , 2 , 3 , 4 , results in loss 40 T or DAPTA . 
of potency , and all of the D - amino acid substitutions are The use of D - substitutions in “ each ” position claimed by 
substantially less active ( 50x ) to completely inactive . Michaelis and Trigg or Andersen et al . , cannot be inferred to 
As such the use of D - substitutions by Andersen ( U.S. Pat . mean in “ all ” positions , and in any event , has not been 

Nos . 6,011,014 or 6,265,374 ) in “ each ” position of DAPTA reduced to practice in these inventions . The data of Bren 
has not been reduced to practice . The published data shows 45 nemen , 1998 ( 12 ) and Smith , 1988 ( 13 ) shows that in no 
that in no instance does a D for L amino - acid substitution in instance does a D for L amino - acid substitution in Sequence 
the core C - terminal pentapeptide of DAPTA achieve com ID 1 achieve comparable potency to the all - L form , rather D 
parable potency to the all - L form , rather D substitutions substitutions result in loss of activity , sometimes complete 
result in loss of activity , sometimes complete loss of bio loss of biopotency in a position dependent fashion . 
potency in a position dependent fashion . Therefore , it cannot be claimed that making all of the 

The notion that an all - D peptide would retain significant amino acids into D - form is obvious . The specific facts 
potency is furthermore novel in consideration of long relating to the peptides of this invention from the prior 
accepted art of Stewart and Woolley ( 14 ) who prepared all - D published art inform the exact opposite view , that making an 
peptides of a hormone . For example , from their article , “ In all - D peptide would not be efficacious as an anti - inflamma 
contrast to the change of a single residue , the inversion of all 55 tory agent that targets innate immune system G - protein 
the amino - acid residues in a pentapeptide which has hor coupled receptors , such as the chemokine receptors . 
monal activity of MSH was found to cause loss of hormonal This type of structure - function analysis is a key to drug 
activity .. design and must be determined experimentally in each 

Further in this paper the authors write “ because there is as instance . Our recognition that a pentapeptide fragment of 
yet no general method 60 DAPTA ( Sequence ID 1 ) comprised of all - D - amino acids 
for predicting the structural requirements required to make retained substantial potency led us to determine that other 
antimetabolites of peptides , we synthesized all - D bradykinin peptapeptides retained activity as all - D - amino acid forms in 
( note 9 amino acids , similar size to the 8 - amino acid specific chemokine receptor functional tests . 
Formula 1 peptide of Andersen ) in an effort to find out The use of all - D - amino acids containing peptides related 
whether inversion of all the amino - acids of a peptide may be 65 to SEQ ID NO : 1 that retained substantial biopotency to 
a generally applicable method for synthesis of peptide block CCR5 receptors was first disclosed in U.S. Ser . No. 
antagonists . ” 12 / 688,862 , however no oral use was enabled or claimed , 

50 
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nor have any prior disclosures including U.S. application charge . Therefore , such modification provides an additional 
Ser . No. 13 / 024,324 identified uses to treat steatohepatic and novel improvement to the specific peptides of this 
liver diseases like NASH , or hepatic inflammation in gen invention by enhancing their egress from the circulation and 
eral , from any cause . delivery to target issues . 

A peptide of the present invention ( all - D - TTNYT ( SEQ 5 The peptides or peptide formulations may be used alone 
ID NO : 1 ) ) has previously been proposed to be effective in or in combination with any other pharmaceutically active modulating inflammation caused by CCR5 receptors ( appli compound or an excipient to treat the inflammation of 
cation Ser . No. 12 / 688,862 , US 2010/0184705 A1 ) . A further NASH . use in reducing pain in peripheral neuropathy ( Ser . No. The peptides may be administered orally , bucally , paren 13 / 024,324 ) , by targeting CCR5 , CCR2 and CX3CR1 10 terally , topically , rectally , vaginally , by intranasal inhalation chemokine receptors , has been disclosed . Neither of these spray , by intrapulmonary inhalation or in other ways . In applications teaches a use in NAFLD or NASH . A prior U.S. 
Pat . No. 5,248,667 teaches a method of treating psoriasis by particular , the peptides according to the invention may be 
use of the peptide “ DAPTA ” and related D - peptides . formulated as pills for oral administration , in controlled 
By the multiple improvements disclosed in this invention , 15 release formulations , for injection ( for example subcutane 

specifically : 1 ) achieving oral bioavailability by use of the ous , intramuscular , intravenous , intra - articular or intra - cis 
all - D amino acid modifications that unexpectedly retain ternal injection ) , for infusion , and may be presented in unit 
receptor biopotency for these peptides , 2 ) reduced size dose form in ampoules or tablets or in multidose vials or 
compared to DAPTA ( pentapeptide compared to an octa other containers with an added preservative . The composi 
peptide ) to facilitate entry into tissues , and in some uses 3 ) 20 tions may take such forms as suspensions , solutions , or 
" cationization ” of the peptide so that the C - terminal carbox emulsions or gels , and may contain formulatory agents such 
cylic acid may be esterified , glycosylated , or amidated to as suspending , stabilizing and / or dispersing agents . Alter 
further enhance tissue distribution , a peptide may be admin natively , the active ingredient may be in powder and / or 
istered to individuals seeking modification of inflammation lyophilized form for direct administration or for constitution 
such as in NASH , the subject invention creates an effica- 25 with a suitable vehicle ( e.g. sterile , pyrogen - free water , 
cious composition that provides the desired treatment ben normal saline or 5 % dextrose ) before use . The pharmaceu 
efits . tical compositions containing peptides ( s ) may also contain 
Other Active Compounds other active ingredients such as antimicrobial agents , or 

Applicant believes other pentapeptides comprised of all preservatives . The compositions may contain from 0.001 
D - amino acids will be effective , including the peptides : 30 99 % ( w / v or , preferably , w / w ) of the active material . 
SSTYR ( SEQ ID NO : 2 ) , STNYT ( SEQ ID NO : 3 ) , TTSYT The compositions are administered in therapeutically or 
( SEQ ID NO : 4 ) , NTSYG ( SEQ ID NO : 5 ) , ETWYS ( SEQ prophylactic effective does , i.e. 0.05-1000 mg of peptide per 
ID NO : 6 ) , NTSYR ( SEQ ID NO : 7 ) , INNYT ( SEQ ID day , in particular 5-250 mg per day . Very large doses may be 
NO : 8 ) , IDNYT ( SEQ ID NO : 9 ) , TDNYT ( SEQ ID NO : 10 ) , used as the peptide according to the invention is non - toxic . 
TDSYS ( SEQ ID NO : 11 ) , TNSYR ( SEQ ID NO : 12 ) and 35 However , normally this is not required . The dose adminis 
NTRYR ( SEQ ID NO : 13 ) , as well as the octapeptide tered daily of course depends on the degree of inflammation 
ASTTTNYT ( SEQ ID NO : 14 ) . and inflammatory response . 

According to a first aspect of the present invention , there For administration by injection or infusion of the com 
is provided the use of a linear peptide of SEQ ID NO : 1 positions , the daily dosage , as employed for treatment of 
wherein all amino acids are in the D - stereoisomeric con- 40 adults of approximately 70 kg of body weight , will often 
figuration : range from 2-250 mg of active material which may be 
Sequence ID 1 : A - B - C - D - E wherein : administered in the form of 1 to 4 doses over each day , The 
A is Ser , Thr , Asn , Glu , Arg , Ile , Leu , invention may be useful in the prevention or treatment of 
B is Ser , Thr , Asp , Asn , illness or medical conditions , particularly those involving 
C is Thr , Ser , Asn , Arg , Gln , Lys , Trp , 45 inflammation , such as in NASH , hepatitis due to viral , 
D is Tyr , and bacterial or drug - induced liver inflammation and intestinal 
E His Thr , Ser , Arg , Gly . dysbiosis , a cause of NASH and other systemic inflamma 

Candidates for E may be esterified , glycosylated , or tory conditions . 
amidated . The Invention can be Illustrated by the Following Non 

The modifications of E ( esterified , glycosylated , or ami- 50 Limiting Examples 
dated ) enhance delivery to target tissues by charge cation To test the hypothesis that all - D - peptides which retain 
ization of the peptide at physiological pH in the range of 6 receptor activity may be created , with utility in inflamma 
to 8. Previously the terminal amide modification was intro tory conditions , such as may occur in liver or elsewhere in 
duced by Pert et al . ( U.S. Pat . No. 5,276,016 ) to provide the body , we first used molecular and cellular approaches to 
protection from carboxypeptidase degradation of DAPTA , 55 explore the inflammatory reaction in isolated immature 
and others , including Michaelis and Trigg or Andersen et al . , human monocyte derived immature dendritic cells ( iDCs ) . 
have employed this rationale . That is not the function here , DCs are derived from differentiated immature monocytes 
as SEQ ID NO : 14 , is fully protected to degradation and and serve as the innate and adaptive antigen presenting cells 
needs no terminal amide ( NH2 ) , ester , or glycosyl moiety of the liver , brain , skin , and other tissues . 
to block proteases . To determine whether all - D - TTNYT ( SEQ ID NO : 1 ) 
We have assessed that a terminal amide ( NH2 ) modi blocks maturation of antigen - presenting dendritic cells , 

fication in the all - D - peptides of the subject invention human PBMC's were isolated from peripheral blood by 
enhances its transition across biological membranes and Ficoll - Paque centrifugation and then monocytes were iso 
promotes entry into target tissues by charge cationization . lated by negative selection using immunobeads ( Miltenyi ) . 
Such modification can be achieved by general methods 65 Human monocyte derived immature dendritic cells ( iDCs ) 
( ester , or glycosyl etc. ) to modify the terminal carboxylic were then generated by treating monocytes with GM - CSF / 
moiety , which at physiological pH would have a negative IL4 . 
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The iDCs were treated with all - D - TTNYT ( SEQ ID FIG . 4 shows reductions of chemokines CCL2 and CCL3 , 
NO : 1 ) , generic name RAP103 ( 7 ) , at 10-12 M for 30 min . the chemokine receptors CCR2 and CCR5 , and the cytok 
After 30 min LPS ( 100 ng / ml ) was added to the cells and ines IL - 1 and TNFa in a rodent injury model of inflamma 
cells were analyzed after 48 hrs . for surface maturation tion . The specific experimental details are provided in Padi , 
markers using fluorescent labeled antibodies by flow cytom- 5 2012 ( 7 ) . Both Dalal - peptide T - amide and all - D - TTNYT 
etry . Shown in FIG . 1 are results of CD86 , HLA - DR , CD58 ( SEQ ID NO : 1 ) share receptor targets , and biological effects 
( adhesion molecule ) and ICAM1 ( adhesion molecule ) indicating they are analogs that target the same pathological 
expression induced by TLR4 / MyD88 activation ( LPS ) , with processes . All of the DAPTA related peptides that we 
and without , added all - D - TTNYT ( SEQ ID NO : 1 ) . As seen describe are therefore expected to share the same actions , 
in the plots FIGS . 1A - D , pretreatment of cells with all - D benefits , and therapeutic mechanisms , as is expected from 
TTNYT ( SEQ ID NO : 1 ) reduces expression of all the structurally related analogs . The target biomolecules rel 
maturation markers listed in the figure . These surface mol evant to NASH and liver inflammation are summarized in 
ecules control T cell activation and localization in tissues . Table 1 . 
Blockade of DC maturation and activation would suppress A further action of the subject peptides relevant to pro 
inflammation in NASH . tecting against inflammation in NAFLD and NASH or liver 
Our results showed that the maturation markers CD86 , damage in general , as from viral infection , is the ability to 

HLA - DR , CD58 ( adhesion molecule ) and ICAM1 ( adhesion decrease inflammatory cytokines , chemokines , and their 
molecule ) when stimulated via TLR4 / MyD88 activation receptors which underlie the disease processes . Here it is 
( LPS ) , are reduced by pre - treatment of the cells with all - D- 20 illustrated that Dalal - peptide T - amide ( DAPTA ) , which has 
TTNYT ( SEQ ID NO : 1 ) . Similar results were obtained only 1 of 8 amino acids in the D - configuration , lowers 

inflammatory cytokine levels in humans . The effect is shared using all - D - TTNYT ( SEQ ID NO : 1 ) -NH2 . The expression 
of these maturation markers is well known in mediating by the pentapeptide all - D - TTNYT ( SEQ ID NO : 1 ) ( RAP 

103 ) which was administered by oral gavage , ( 0.05-1 immune cell trafficking and immune response in the context mg / kg ) for 7 days to nerve injured rats , who also showed of tissue damage , antigen recognition , hepatic inflammation , 25 reductions in key biomarkers identified in NASH . hepatic stellate cell activation , and hepatic steatosis . 
All - D - TTNYT ( SEQ ID NO : 1 ) however had no effect on TABLE 1 DC maturation of these four markers caused by the antimi 

crobial peptide LL37 , which binds to the insulin - like growth Summary of Biomarker Changes for DAPTA and 
factor 1 receptor ( IGF - 1R ) ( not shown ) . The action of 30 all - D - TTNYT ( SEQ ID NO : 1 ) 
all - D - TTNYT ( SEQ ID NO : 1 ) therefore shows specificity 
for TLR4 / MyD88 induced maturation . In liver , TLR4 is Species Change Compound 

expressed by all parenchymal and non - parenchymal cell 
types , and contributes to tissue damage caused by a variety decrease 
of etiologies . TLR4 signaling occurs in hepatic stellate cells 35 decrease 

( HSC ) , the major fibrogenic cell type in injured liver , and 
mediates an inflammatory phenotype leading to fibrogen 
esis . Inhibiting DC maturation would have benefits in septic 
shock or other conditions with elevated TNFa levels . We TLR4 / MyD88 decrease DAPTA conclude that all - D - TTNYT ( SEQ ID NO : 1 ) and related 40 MCP - 1 ( CCL2 ) all - D - TTNYT 
analogs can have a beneficial effect in NAFLD , NASH , ( SEQ ID NO : 1 ) 
hepatitis or septic shock , by modulating antigen presenting MIP - 10 ( CCL3 ) all - D - TTNYT 

cell activation in liver and other tissues , such as the brain ( SEQ ID NO : 1 ) 
microglia or skin Langerhans cells . ( SEQ ID NO : 1 ) FIG . 2 shows all - D [ TTNYT ( SEQ ID NO : 1 ) ] , generic 45 
name RAP - 103 , is a dual - antagonist of CCR5 and CCR2 ( SEQ ID NO : 1 ) 
human monocyte chemotaxis . Monocytes were treated with all - D - TTNYT 

the indicated doses of RAP - 103 for 30 min before chemo ( SEQ ID NO : 1 ) 
IL - B all - D - TTNYT 

taxis against human CCL2 ( MCP - 1 ) or CCL4 ( MIP - 13 ) ( SEQ ID NO : 1 ) 
( both 50 ng / mL ) for 90 min . Data ( chemotactic index ) are 50 all - D - TTNYT 

presented as mean : SEM . The chemotactic index for MCP - 1 ( SEQ ID NO : 1 ) 
without RAP - 103 was 2.5-3.5 times over control , whereas 
for MIP - 1 fc without RAP - 103 , it was approximately 2 
times over control . Data are presented as mean + SEM . REFERENCES 
( * P < 0.05 , ** P < 0.01 vs RAP - 103 untreated ) . Data are from 55 
[ Padi , 2012 , FIG . 1 ] . The result shows a further useful action 1. Mehta , R. , A. Birerdinc , A. Neupane , A. Shamsaddini , A. 
of these peptides as blocking of CCR2 / CCR5 is beneficial in Afendy , H. Elariny , V. Chandhoke , A. Baranova , and Z. 
NAFLD / NASH . Dual - chemokine CCR2 / CCR5 receptor M. Younossi . 2013. Expression of inflammation - related 
antagonists may have added therapeutic value by blocking genes is altered in gastric tissue of patients with advanced 
multiple inflammatory pathways . stages of NAFLD . Mediators Inflamm 2013 : 684237 . 

FIG . 3 shows three further examples of all - D - versions of 2. Jiang , W. , N. Wu , X. Wang , Y. Chi , Y. Zhang , X. Qiu , Y. 
DAPTA related pentapeptides , all - D - SSTYR ( SEQ ID NO : Hu , J. Li , and Y. Liu . 2015. Dysbiosis gut microbiota 
2 ) , all - D - TTSYT ( SEQ ID NO : 4 ) , and all - D - NTSYR ( SEQ associated with inflammation and impaired mucosal 
ID NO : 7 ) are similarly antagonists of CCL2 human mono immune function in intestine of humans with non - alco 
cyte chemotaxis and would be expected to provide benefits 65 holic fatty liver disease . Sci Rep 5 : 8096 . 
in inflammatory liver diseases , such as NASH . Methods are 3. Lefebvre , E. , G. Moyle , R. Reshef , L. P. Richman , M. 
similar to those in FIG . 2 . Thompson , F. Hong , H. L. Chou , T. Hashiguchi , C. Plato , 

Hu decrease 
Hu 
Hu 

IL - 1 
IL - 6 
IL - 8 
IL - 23 
TNFa 
ICAM - 1 
STAT3 
NFkB 

Hu 
Hu 
Hu 
Hu 
Hu 
Rat 
Rat 

decrease 
decrease 
decrease 
decrease 
decrease 

DAPTA 
DAPTA 
DAPTA 
DAPTA 
DAPTA 
DAPTA 
DAPTA 
DAPTA 

decrease 

Rat decrease 

TNFa Rat decrease all - D - TTNYT 

CCR2 Rat decrease all - D - TTNYT 

CCR5 Rat decrease 

Rat decrease 

IL - 6 Rat decrease 
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SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 14 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Human immunodeficiency virus 

< 400 > SEQUENCE : 1 

Thr Thr Asn Tyr Thr 
1 5 

< 210 > SEQ ID NO 2 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Human immunodeficiency virus 

< 400 > SEQUENCE : 2 

Ser Ser Thr Tyr Arg 
1 5 

< 210 > SEQ ID NO 3 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Human immunodeficiency virus 
< 400 > SEQUENCE : 3 

Ser Thr Asn Tyr Thr 
1 5 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Human immunodeficiency virus 

< 400 > SEQUENCE : 4 
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- continued 

Thr Thr Ser Tyr Thr 
1 5 

< 210 > SEQ ID NO 5 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Human immunodeficiency virus 

< 400 > SEQUENCE : 5 

Asn Thr Ser Tyr Gly 
1 5 

< 210 > SEQ ID NO 6 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Human immunodeficiency virus 

< 400 > SEQUENCE : 6 

Glu Thr Trp Tyr Ser 
1 5 

< 210 > SEQ ID NO 7 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Human immunodeficiency virus 

< 400 > SEQUENCE : 7 

Asn Thr Ser Tyr Arg 
1 5 

< 210 > SEQ ID NO 8 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Human immunodeficiency virus 

< 400 > SEQUENCE : 8 

Ile Asn Asn Tyr Thr 
1 5 

< 210 > SEQ ID NO 9 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Human immunodeficiency virus 

< 400 > SEQUENCE : 9 

Ile Asp Asn Tyr Thr 
1 5 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Human immunodeficiency virus 

< 400 > SEQUENCE : 10 

Thr Asp Asn Tyr Thr 
1 5 

< 210 > SEQ ID NO 11 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Human immunodeficiency virus 

< 400 > SEQUENCE : 11 

Thr Asp Ser Tyr Ser 
1 5 
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- continued 

< 210 > SEQ ID NO 12 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Human immunodeficiency virus 

< 400 > SEQUENCE : 12 

Thr Asn Ser Tyr Arg 
1 5 

< 210 > SEQ ID NO 13 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Human immunodeficiency virus 

< 400 > SEQUENCE : 13 

Asn Thr Arg Tyr Arg 
1 5 

< 210 > SEQ ID NO 14 
< 211 > LENGTH : 8 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Human immunodeficiency virus 

< 400 > SEQUENCE : 14 

Ala Ser Thr Thr Thr Asn Tyr Thr 
1 5 

- continued 
( SEQ ID NO : 3 ) 

Ser Thr Asn Tyr Thr , 

35 ( SEQ ID NO : 4 ) 
Thr Thr Ser Tyr Thr , 

( SEQ ID NO : 5 ) 
Asn Thr Ser Tyr Gly , 

40 ( SEQ ID NO : 6 ) 
Glu Thr Trp Tyr Ser 

( SEQ ID NO : 7 ) 
Asn Thr Ser Tyr Arg 

What is claimed is : 
1. A method of treatment for non - alcoholic fatty liver 

disease ( NAFLD ) , non - alcoholic steatohepatitis ( NASH ) 
and hepatitis conditions in a person comprising the steps of : 

using a composition comprising a D peptide and a phar 
maceutically acceptable carrier , 

wherein said D peptide comprises five contiguous amino 
acids having the general structure : A - B - C - D - E in 
which : 
A is Ser , Thr , Asn , Glu or Ile , 
B is Ser , Thr , Asp or Asn , 
C is Thr , Ser , Asn , Arg or Trp , 
D is Tyr , and 
E is Thr , Ser , Arg or Gly , 
and all amino acids being in the D stereoisomeric 

configuration , 
wherein said composition is administered to a patient in a 

therapeutically effective dose and said composition acts 
to treat NAFLD , NASH , or hepatitis conditions in the 
patient . 

2. The method as defined in claim 1 wherein said D 
peptide is TTNYT ( SEQ ID NO : 1 ) . 

3. The method as defined in claim 1 wherein said D 
peptide is at most eight ( 8 ) D amino acid residues in length 55 
and contains five contiguous D amino acid residues that 
have a sequence selected from the group consisting of : 

45 ( SEQ ID NO : 8 ) 
Ile Asn Asn Tyr Thr , 

( SEQ ID NO : 9 ) 
Ile Asp Asn Tyr Thr 

( SEQ ID NO : 10 ) 
50 Thr Asp Asn Tyr Thr 

( SEQ ID NO : 11 ) 
Thr Asp Ser Tyr Ser 

( SEQ ID NO : 12 ) 
Thr Asn Ser Tyr Arg 

( SEQ ID NO : 13 ) 
Asn Thr Arg Tyr Arg . 

( SEQ ID NO : 1 ) 
Thr Thr Asn Tyr Thr , 

4. The method as defined in claim 1 wherein E may be 
60 esterified , glycosylated , or amidated to enhance tissue dis 

tribution . 
5. The method as defined in claim 1 wherein said D 

peptide is Dalal - peptide T - amide ( DAPTA ) . 
( SEQ ID NO : 2 ) 

Ser Ser Thr Tyr Arg , 


